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1.1 E E E Y  
There were 19 configurations zonsidered for this study. 
results are summarized i n  Table 1. 

The 

. .I 

A I 

Configuration 1 is the c-merit stat-- configuration. 
e i e t e  of: 3 fael cells, 2 spiking batteries, 8nd s h i g d  

!!!he other 18 configurations are i n  groups of 3. 

and unstaged tankage, me variation frola group to  gnnqp ir 
by a switch i n  number of fcel  cel ls  o r  batteries etc. 
2 3 ~ ~  tpumit ion from 3 fuel c e l l s  and no backup battery to 2 
fud. c&b and a ba&q bat,fery shows a marked improvement 
i n  the crew safety reliabiiity. The main reason for  thlr 
transition is  an additional parallel path that the backrp! 
battery pl.ovid.ee. Irr addition a slight inrprovemant in mlrrion , 
succes8 6hould a s 0  be fo-axl, because of the reliability 
lqproveaent of a battery over a Pael cell.  
8een by comparing the mission success reliability of 2 of 3 
fuel c e l l s  with 2 of 3 (3=2 F.C.A. dc 1 Batt.) in  Table 2. 
mere are 2 groups of confQuratims with 2 fuel c e l l s  and a . 
badk\lg battery. 
hydrogen taakage (2 tanks in t h e  ascent stage). u 
iecopd eet (configuratio,? 8-10) has lean nyJfrogen t- 
(1 tsnk in the ascent stage). While fat tankage a re- 
dundancy for crew safety and consequently improves the rdl- 
ability, for mission succerjs it has the apposite effect. 
Since either tank can fail and cause an abort of the aisrlon, 
It w i l l  lower the mission s-.xcess rd.iekility. 

- lh Blaking the transition 50 1 f-le1 c e l l ,  crew eafety can be * 

msintaimd by 
rs l iab i l i ty  of 1 f'uel. c e l l  is so low, the m b l r i 0 Q  succe~r 
wabff l ty  i s  severely hampered. 
In reviewing the mission ~uccess nunbere, It opp~ase that an 
qpper limit exists for mission su- ~ c 6 8 8  e 

p l i s  is due to the fact that  i n  all configuratio~ for mirrrion . 
Suc?Ce8S the tankage io i n  series. 

rsUabiuty for the tankage. 
M I W ~ Q ~  mccese reliabil i ty for the 'tankage can be iqipuvd 
With a ohange in the ground ru les .  -54C)-@+ states that, 
"the fwd. for the fue l  c e l l s .  should prcmide the capcrbi&Lty 
to operete at minimtr;n acceptable power levels during the 
e orbital  ccrrtingency time. 

It con- 

In each .: 

I 

%he C O ~ I ~ & i O Z l s  Vary  by V a r y i n g  the CcrmbinS t iOn  O f  akgsd' 

. 

This CBP best be 

The f i r s t  set  (configuration 5-7) has fat 

2 back-* batteries, howlever, since the 

To improve the ral labi l i ty  
des ion  sxccess v-n-7 & G % & C ~  --- ; I p ~ ~ i n g  -3- *he miesion euccesr 



SMnnary (continued) 

1l the Are1 eeUs operate at a l eve l  of degradation greater I 

I 

The iisd3trre rate8 used f o r  this study  are^ 1 5 - a  i n  . 

-re axe two basic approaches t o  uae i n  aajucltiag Reliabil- 
ity to conform t o  boost and non-boost earriro~mnts. Bither 
an adjqatment of the f a i h r e  rate or an adJus-nt i n  the 
oper8tting t ime can be used. In camplicrnce w i t h  UIO-550-37 
an adjustment i n  the operating time is wed here. 
It i s  assumed throughvdt t ha t  a constant fallwe rate Over 
the entire mission time is t o  be considared. Coneequerrtly , 

for crew safety 44.65 hours i s  the equivalent operating tiprs 
cud i t  concerns only the ascent tanker, i .e. it i s  not neceo~~li~ly 
for e descent tank t o  operate for crew saiety. Ilawaver, 
for mieeion success, the descent tanks muat opemb as ‘~~IJJ, 

.. 

- 

. aetheaecenttanka.  
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2.1 Crew Safe ty  

For crew safety the block diagram are given on the next few 
pages (2.2). The values of the various blocks axe listed 
In Table 2, 
The reliabilities of the six tankage configurations (2.3) 
follow the block diagrams. The tankage configuration studied 
were: 1) unstaged 0 , 2) staged 02, 3 )  unstaged Fat &, 
4) staged Fat  H2, 57 unstaged b a n  @, and 6) staged Lean %. 
The various ground rules;  necessary for these configurations, 
are given with each configuration, 
Pollowing the section on the tankage configurations, is the 
section on basic tank configurations (2.4), which are a 
pa;rt of t h e  tanhge configurations. 
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2.3.1.1 

2.3.1.2 

2.3 a14 

. - .  

Fat Tank Vnstaged Hp Crew Safety R e l i a b i l i t y  

A r e l i a b i l i t y  box diqram f o r  Figure 2 can not be made without 
taking some l i b e r t i e s .  
paths a lower bound on the  r e l i a b i l i t y  may be obtained (see 

However, by t r ac ing  through t h e  s u c c e s ~  

m-550-3 1 ' 
Fire* we must consider the  most prevalent W e e  of failure. 
Failure i n  t he  tankage, heat exchanges lines and fittings 
aqd r e l i e f  valves wi l l  cause leaks t o  t he  outside. 
i n  t he  check valves will not check the  f l o w  of f lu id  in one 
di rec t ion .  
( p e  #9) will be improper closing o r  sealing. 

Failures 

Fai lure  i n  the  normally open shut-off valve 

There are two major success paths: 1) t h a t  of - tank #1, and 

2) t h a t  of tank #5. The path of tank #l Ku1 have part 20 
for i t s  l i n e s  and f i t t i n g s  f a c t o r  and t h e  path of t a n k h  
w i l l  have p a r t  21 f o r  Its l i n e s  and f i t t i n g e  f ac to r .  

R - 1 -  (QlQ3Q9 + BlQ5 + Bl5 + %Q8 + %%+ %Q3B + Q2Qs + 

%+ + %'8 + %si + '4'5 + '45 + '4'8 + Q409+ 

'4% + 3'5'6 + &9"69 + agQ6% + 

SO? + %OQ8 + SO% + %%1) 

Where: 1) \ = Lnt & t = 44.65 Hours 

+ 420% + 

= (0.54 x loo6) x (5 parte) x (1.5) = 2, $0 = 51 
4.05 x loo6 

. * *  ? = 89999979 



8.3.2 Fat !kink Staged H:, Crew Safety Reliability 

An approximation wlU be used here to obtain the reUebility 
'of Figure 1. Basically the s+,wed system can be simplified 
t o  a box diagram. 
series with 2 check valves and In series With 8 double quick 
disconnect p p o  device. 

It conelsts of the unetagea system in 

R -9999925 

Where Qn =(&) x (t) & t = 44.65 burs 
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a0303 Lean 38nk Unstaged 5 Crew Safety Reliability 

Thie configuration i s  shown i n  Figure 4A. 
box diagram i s  shown i n  Figure 4B. 

R = %Et,.& = -9986749 

me rel iabi l i ty  
The rel iabi l i ty  i s  e m :  

2.3.4 Lean Tank Staged % C r e w  Safety Re l i ab i l i t y  

Thio configuration is shown in Figure 3. The reliablllty 
box diagram is shown in Figure 3B. The reliability I s  simply: 

R = R 1 2  R (1- Q 3 4  Q (1-Q5Q6) 3 = 09985972 
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Here again, as i n  tke  'hydrogen system, we c m  no% obtain 
a simple box rliagrxy far F:cire 6 .  
t h e  minimal txccess p k h s  a g90.l lower b3-d on t h e  r e l i -  
a b i l i t y  c m  be o k t a i x i  ( s e e  LZR-550-3). 
The rnost prevalent moC?s of fail-a-e f o r  all t he  parts must 
f i rs t  b? considered. 
relief vaLves, ar,d li:.?s az~d fit5iings w i l l  cause a l e a k  
t 9  the ozts ide .  
check the f ' l c w  c f  fliAC ir, one di rec t ion .  
o f f  valve (pa r t  8) w i l l  be inproper opening o r  closing. 

There are ~ W O  najor s ' xces s  pat;hs: 1) t h a t  of t he  super- 
c r i t j q a l  hziks (pz1-5 :), and 2 )  k h a t  of t h e  paseous tank 
(par5 5 ) .  Zta 22% clf the par t  #l tae w i l l  have p a r t  20 
iml 'Aed 3 r  I t s  l k e s  and f i t % i n g s  f a c t o r .  The path of 
%he p a r t  #5 5a:k v ? l l  have par5 2 1  included f o r  its l i n e s  
and f ittir!!s f azt-Jr .  

Brrt, by t r a c i r g  through 

F a i l n e s  is tankage, hea+rexchangers, 

Fa i l -xes  ir; $he cneck valves will not  
Failure i n  shut- 



2.3.6 Staged 02 C r e w  Safety R e l i a b i l i t y  

For crew safety we need not consider t h e  descent tank i n  
Figure 5 .  Here agalr?, as i n  t h ~ ?  7a-staged configuration, 
we must r e s o r t  t o  a r in imd.  s - x c e s s  paths technique t o  
obta in  a lower bound ia  the  r p l i a b i l i t y  (see LER-550-3). 
It i s  necessary t o  note the  most prevalent modes of failure.  
Failures i n  the tankage, heat exchangers, l i n e s  and fittings 
and relief valves wil; ca-lse leaks to t h e  outside.  Failures 
i n  t h e  check valves wiiu not check t h e  flow of f l u i d  i n  
one d i r ec t ion .  Fai lure  i x  the shut-off valve (part 8) wiu 
be improper opening o r  closing. 

There are three  a a j o r  tank pa5hs. Tank p a r t  #1 has part #20 
f o r  i t s  l i n e  and f i+ , t ings  f a c t o r .  Tank p a r t  #5 has part #2 l  
f o r  its lines arid f'it;tings f a c t o r .  And Tank part #9 has 
p a r t  #22 f o r  i t s  l i n e s  and f'ittirgs fac to r .  

, 



2.3.6.3 ( continued) 
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. 2.4.1 Basic Tank Design # i Part U-xreliabilities f o r  Crew Safety - 

This tank, Figure 7 is used i n  t h e  ascent s tage f o r  a l l  f o u  
hydrogen configvrations aad i n  the  ascent stage for t h e  staged 
oxygen. 
cycles of operatiox. 

Qz = (Ln) x (t). where t= 44.65 Hours 

A U  f a i l w e  rates are per  m i U i o n , h o u s  o r  pe r  mllllon 
A r  a p p r o x h t i o n  u e d  is: 

i * eq-aivalent operating t i n e  t = 1 5  cycles. 
* B.,o (s .0 .  Valve with a manual override) i s  found by taking 

t h e  r e l i a b i l i t y  of‘ a solenoid valve i n  paraJle1 with a 
manual. override (operating t i m e  t = 15 cycles) 

%o = B O A  %OB 

%o 0.01925 x 10-6 - $4 = (O05k/ho-=s) x (1.5 l i n e s  and fittings/part) . ”  

-!The relief valve would leak  i n t o  t h e  l i ne  cawing an 
(ll par t s )  5 4  = 8.91 x 10-6 

abort and would have no e f f e c t  on crew safety. 

2.4.1.1 Basic T a r -  &sip. #1 Rel i ab i l i t y  f o r  Crew SafeQ 

Il?e ascezt tank re l iabi l i ty  i s  based on t h e  block diagram 
of Figure 8. 
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2.4.2 Basic Tar& Desig- #k Par'; U z r e l i a b i l i t i e s  f o r  Crew Safe* 

2.4.2.1 Sasie T a A  3 2 s l g r ~  #2 Rel la - r i l i ty  fcr Crew S a f e 3  
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Ta31e 2 s-xxzarizes th? r-Qia3ili ty of each of these  building 
blocks.  
found i n  the rear of t h i s  s e c t i s n  (3 .3)  

Zit? calsxlat ions of Cuhese building bloc& can be  
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3 03 *1 Staged 09 - Mission Success 

Saccess Paths 

3.3.2 Uzstaged CQ - J e s s i o n  Slzccess 

Tor n i s s io r ,  suz.:ess a2-l p a r t s  a r e  i n  s e r i e s .  Tne r e l i a b i l i t y  
i s  base.‘, ~ p o n  Figure 6. The p a r t  m e l i a b i l i t i e s  are given 
i n  Table 4. 

3.303 Fat Ta&s Staged qvdrogen - -Mission Success 

w z e l i a b i l i t i e s  are given i n  Ta51e 4. 
S X C C ~ S S  paths and cuts  a r e  based upor, Figure 1. The part 

Success Paths: - 
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3.3.3 (costinued) 

3.3.4 Fat Tarks _ _  czstage? Hydrcgen - Mission Success 
For aiszior- sxczess aii parts are i n  series. The r e l i tA l i ty  
is kased ~ p c z  Fig-ze  2. 
in Table 4. 

The part unreliabilities are given 

Fm rLs - lo r -  S - G Z T ' ~ S S  a L l  parts are in series. The reliability 
i s  base5 -;pori Fig-a-e 3A. 
ir- Tab:? 4. 

Tne part unreliabilities are given 

3 *3 9 6  Lea? TaTcs TJnstaped Hydrogen - Mission Success 
For r&ssioz sz:cess all p c t a  are in series. The reliability 
is Gased ' q o n  Figire  4A. 
i n  Table 4. 

The part unreliabilities are given 


